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I 
摘 要 
背景：神经胶质瘤是中枢神经系统最常见的原发性颅内肿瘤，占恶性脑肿瘤
81%。虽然发病率较低，但其死亡率极高。随着发人们对胶质瘤的研究的逐渐深
入，各种治疗的新思路、新方法陆续投入到临床前及临床实践应用中，但效果甚
微，大量在动物实验成功而临床评价较差的经验说明动物模型并没有反应出患者
肿瘤真实的生理学特性，因此建立一种可靠的、稳定的胶质瘤原位移植模型是科
研工作者急需解决的问题。 
目的：构建胶质瘤荧光稳转细胞株，建立一种新型的可实时监测肿瘤生长的
裸鼠胶质瘤原位移植瘤模型，并比较三种不同细胞系来源的胶质瘤裸鼠模型各自
的特点。 
方法：选取 3 种神经胶质瘤细胞（C6、U87、U251）为研究对象，构建含
Luciferise(Luc)和 Green fluorescent protein (GFP)基因的质粒载体，并用工具细胞
株（人胚肾细胞 293FT）进行慢病毒包装，收集慢病毒后感染神经胶质瘤细胞
（U87、U251、C6），使神经胶质瘤细胞标记上 GFP 和 Luc 双荧光，再经过流
式细胞仪的 GFP 荧光筛选后获得稳定表达 GFP-Luc 荧光的三种胶质瘤细胞系，
并用活体发光成像系统检测 Luc 的发光强度,采用一元线性回归分析法分析发光
强度与细胞数量的相关性。以荧光胶质瘤细胞实验组，原始胶质瘤细胞为对照组，
通过 CCK-8 实验、细胞周期实验、transwell 肿瘤侵袭及迁移实验等评价荧光细
胞的增殖、周期、转移和侵袭能力是否受到荧光基因的植入而改变。将三种荧光
标记的胶质瘤细胞通过立体定位仪分别接种在裸小鼠的尾状核部位，对照组接种
原始胶质瘤细胞，建立胶质瘤原位移植瘤模型，利用小动物活体成像系统实时监
测裸鼠脑内肿瘤的生长情况，观察并记录裸鼠的生长状态和生存期，并通过石蜡
切片，HE 染色评价各细胞系在裸鼠体内的稳定性及成瘤能力，并比较三种不同
细胞系来源的胶质瘤裸鼠模型各自的特点。 
结果： 
1. 成功包装含 GFP 和 Luc 基因的慢病毒，并用慢病毒感染 C6、U87、U251
胶质瘤细胞，荧光显微镜下观察到约 90%的细胞均表达 GFP-luciferase 双荧光； 
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2. 流式细胞仪筛选含荧光的细胞连续传6-8代，观察到无荧光信号的衰减，
即获得稳转细胞株，分别命名为：U87-GFP-Luc，U251-GFP-Luc，C6-GFP-Luc； 
3. 活体发光成像系统检测 Luc 的发光强度结果显示,Luc 发光强度与细胞数
量关系呈现良好的相关性，U87-GFP-Luc，U251-GFP-Luc，C6-GFP-Luc 的 R2 分
别为 0.9957、0.9920、0.9782； 
4. 细胞功能实验结果表明，与对照组相比，实验组胶质瘤细胞的增殖、周
期、迁移及侵袭性能力没有发生改变，差异无统计学意义（P>0.05）； 
5. HE 切片结果显示：U87-胶质瘤细胞裸鼠模型，肿瘤界限清晰，可见明显
新生血管，成瘤率 100％，裸鼠中位生存期 25 天；U251 肿瘤与正常脑组织界限
不清，可见明显细胞坏死团，裸鼠模型成瘤率（90％），中位生存期 29 天； C6
可见明显核分裂像，裸鼠模型成瘤率（70％），中位生存期 31 天； 
结论： 
1. 慢病毒感染三种经胶质瘤细胞后，胶质瘤细胞的生物学特性均未受到很
大影响。 
2. 双荧光标记的胶质瘤细胞相比于传统胶质瘤细胞，不仅在体外细胞实验
还是在体内动物实验都更利于胶质瘤的实验研究； 
3. U87-胶质瘤细胞裸鼠模型成瘤率高，瘤体在颅内生长稳定，并未见颅外转
移灶，实验周期适中，HE 切片显示有明显的新生血管，提示该模型适合胶质瘤
血管生成及抗血管生成的治疗研究; 
4．U251-裸鼠模型成瘤率较高，该模型动物生存期稍不稳定，但其肿瘤生长
和病理特性与人胶质瘤更为相似； 
5. C6-裸鼠模型成瘤率稍低，模型出现大量肿瘤颅外生长，提示该细胞系可
能并不适合在裸鼠上种植。 
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Abstract 
Background：Glioma is the most common primary intracranial tumor in the central 
nervous system, which accounts for 81% of malignant brain tumors，Although the 
incidence is low, its mortality is extremely high. With the development of glioma 
research ，a variety of new ideas of treatment have been put into preclinical and clinica l 
practice applications，but the effect is minimal，successful animal experiments but poor 
clinical evaluation experience shows that the animal model does not reflect the true 
physiological characteristics of the patient's tumor, It is urgent to establish reliable and 
stable glioma orthotopic transplantation model for glioma research. 
Objective : To construct glioma fluorescence stable cell lines, and to establish a 
novel model of orthotopic xenograft tumor in nude mice which can monitor tumor 
growth in real time, and compare three different glioma orthotopic models. 
Methods : Three differents glioma cell lines (U87, U251, C6 ) were selected as the 
research object. The plasmid vectors containing Luciferise gene and Green fluorescent 
using lentivirus kit and human embryonic kidney cell (293FT) and extracted to 
influence glioma cells. Most glioma cells were labeled with GFP and Luc fluorescence after 
influencing by lentivirus. After screening by flow cytometry, three glioma cell lines 
stably expressing GFP-Luc fluorescence were obtained. Then the relationship between 
luminous intensity and cell number was detected by living luminescence imaging 
system, and the results were analyzed by one-dimensional linear regression. Cells with 
GFP-Luc fluorescence were as experimental groups and the cells without fluorescence 
were as control groups. In order to evaluate the biological characteristics of GFP-Luc 
fluorescence cells not influenced by the fluoyescent gene, the proliferation, cycle, 
metastasis and invasion ability of fluorescent cells and control cells were evaluated by 
CCK-8 test, cell cycle test, transwell tumor invasion and migration experiment. Then 
three kinds of GFP-Luc modified glioblastoma cells were implanted into the right 
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Caudate nucleus of athymic nude mices by stereotaxic device respectively to establish 
thotopic tumor model. Intracerebral tumor growth was monitored in real time by small 
animal bioluminescence imaging (BLI) system. Hematoxylin-eosin staining(HE) was 
used to evaluate the pathological features and tumorigenicity of each cell line in the 
brain of nude mice. 
Result : 
1. The vector with GFP and Luciferise gene was packaged successfully 
C6,U87 and 
U251. GFP was expressed in about 90% glioma cells under fluorescence microscopy; 
2. Flow cytometry was used to screen the cells with fluorescence and the cells 
remain without fluorescent signal attenuation after continuous 6-8 generation. Cells 
stable expressing fluorescence were obtained. The cells with fluorescence were named 
as U87-GFP-Luc, U251-GFP-Luc, C6 -GFP-Luc; 
3. The results of in vivo bioluminescence imaging system showed that the 
intensity of Luc showed a good correlation with the number of fluorescent cells. The 
R2 of U87-GFP-Luc, U251-GFP-Luc and C6-GFP-Luc were 0.9957, 0.9920 and 
0.9782, respectively; 
4. The results of cell function showed that, there were no statistically significant 
differences between the control group and the experimental group in the proliferat ion, 
cell cycle distribution, migration and invasion abilities (P> 0.05); 
5. HE staining results showed that, U87- glioma nude mice model: boundaries of 
tumor tissue was clear, HE sections showed obvious neovascularization, tumor 
formation rate was 100%. The median survival period was 25 days in nude mice; U251- 
glioma nude mice model: the boundary between tumor and normal brain tissue was 
unclear, HE sections showed visible cell necrosis group, The tumor formation rate was 
90%, median survival time was 29 days；C6 - glioma nude mice model could be seen 
obvious nuclear atypia, tumor formation rate was 70%, the median survival period was 
31 days. 
Conclusion: 
1. The biological characteristics of glioma cells were not significantly affected by 
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lentivirus infection; 
2. Compared to traditional glioblastoma cells, GFP-Luc-transfected human 
glioblastoma cells were more beneficial to the study of glioblastoma;  
3. U87- glioma nude mice model:tumor formation rate was 100%, the groth of 
tumor was stable in intracranial, without extracranial metastasis and had moderate 
experimental cycle, sections showed obvious neovascularization and the model is 
suitable for glioma vascular formation and anti angiogenic therapy research; 
4. U251- nude mice model had high tumor formation rate (90%). The survival time 
of this model was not very stable, however, the tumor growth and pathologica l 
characteristics were similar to that of human glioma; 
5. C6- nude mice tumor formation rate lower slightly (75%), a large number of 
model appeared extracranial tumor growth which suggesting that this cell line may not 
be suitable for planting in the nude mice. 
Key words: Glioma; In vivo imaging; Animal models.
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英文名词及缩略词表  
英文缩写 英文全名 中文名称 
GFP green fluorescent protein 绿色荧光蛋白 
PEI Polyethylenimine  聚乙烯亚胺 
RFP Red fluorescent protein 红色荧光蛋白 
CCK-8 Cell Counting Kit-8 细胞计数试剂盒 
Luc Luciferase 荧光素酶 
HE Hematoxylin-eosin  苏木精-伊红染色 
BLI Bioluminescence imaging 生物发光成像 
CT Compute Tomography X 射线计算机断层摄影 
PET Positron Emission Tomography 正电子发射计算机断层显像 
MRI Magnetic resonance imaging 磁共振成像 
FBS Fetal Bovine Serum 胎牛血清 
OD Optical density 光密度值 
PBS Phosphate buffered saline 磷酸盐缓冲液 
BBB blood brain barrier 血脑屏障 
CCD charge-coupled device 电荷耦合器件 
Luc Luciferase 荧光素酶 
SOB  Super Optimal Broth 超级营养培养基 
DNA Deoxyribonucleic Acid 脱氧核糖核酸 
SB Standard buffer 标准缓冲液 
NB neutralization buffer 中和缓冲液 
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TE Tris-EDTA TE 缓冲液 
RNase Ribonuclease 核糖核酸酶 
LB Lysogeny broth 溶原性培养基 
PH hydrogen ion concentration 氢离子浓度 
293FT  人胚肾细胞 
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1 
绪  论  
1.1 胶质瘤 
1.1.1 胶质瘤概述 
神经胶质瘤是中枢神经系统最常见的原发性颅内肿瘤，年发病率为每 10 万
人 5.26 人[1]。虽然发病率比较低，但它们的死亡率极高。尽管神经胶质瘤的起源
仍然未知，世界卫生组织（WHO）根据肿瘤的组织病理标准将其划分为星形胶
质瘤、髓母细胞瘤，少突胶质细胞瘤、室管膜细胞瘤等[2]。胶质瘤在组织学上被
分为四级（I，Ⅱ，Ⅲ，Ⅳ）：I 级和 II 级胶质瘤，被称为低级别胶质瘤，是生长
较为缓慢的肿瘤，其临床预后较好；高级别的胶质瘤确诊为 III 级（间变性星形
细胞瘤和间变性少突胶质细胞瘤）或 IV 级（胶质母细胞瘤）[2]。美国的一项研
究表明，原发性高级别（恶性）脑肿瘤占所有癌症的 1.4%，在美国每年有 2.4%
的癌症死亡，胶质母细胞瘤约占所有高级别胶质瘤的 60%，，每年发病率在 3／
100000，每年大约有 10000 例新发胶质母细胞瘤和 4000 例 III 级胶质瘤的病例被
确诊[3]。胶质母细胞瘤在男性的发病率较高，诊断的平均年分别为：胶质母细胞
瘤 64 岁，间变性星形细胞瘤 51 岁，间变性少突胶质细胞瘤 48 岁。高级别胶质
瘤可出现在包括儿童在内的所有年龄段的患者，目前研究已知的胶质瘤的危险因
素是电离辐射[4]，而其他因素，包括职业或环境暴露、头部外伤、手机的使用情
况和感染，还未被证实会导致脑肿瘤的发生。大约 1%到 5%的高级别胶质瘤的发
生与遗传性疾病有关，如 Li-Fraumeni 癌症综合征和神经纤维瘤病，在有这些疾
病的患者中，神经胶质瘤的发生机率要远高于普通人群。目前恶性程度最高的胶
质母细胞瘤患者的中位生存期约为 14 个月至 16 个月。III 级胶质瘤中的间变性
星形细胞瘤患者的中位生存期为 3-5 年，间变性少突胶质细胞瘤患者的中位生存
期为 15 年[5, 6]。患者的临床预后与肿瘤切除程度，诊断年龄、KPS 量表的评分和
肿瘤的组织学分级分类有关。 
胶质瘤患者的临床表现与肿瘤的位置，大小，生长速度等等有着密切的联系。
快速生长的恶心胶质瘤会导致一系列急性发作症状如局灶性神经功能缺损 
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